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Synopsis 
Spray atomisation and deposition has attracted considerable interest as a viable 
process for manufacturing structural materials with the benefits associated with rapid 
solidification such as fine grained microstructure, increased solid solubility and fine 
secondary phase particles. Hence, the products have enhanced material properties, viz., 
strength, wear resistance and ductility. In this process, the liquid metal stream is 
atomised into various size droplets, which are then propelled away from the region of 
atomisation by the fast flowing inert atornising gas. The droplet trajectories are 
interrupted by a substrate, which collects and solidifies the droplets into a coherent, 
nearly fully dense form. 
The amount of liquid present, during deposition, in the atomised droplets 
decides the type of porosity. Formation of solidification porosity can be attributed to the 
presence of excess liquid, whereas interstitial porosity is due to the lack of sufficient 
liquid to fill particle interstices. If interstitial porosity is predominant, solidification 
porosity can be neglected and vice versa. However, in practice, these two types of 
porosity can coexist simultaneously. Porosity can be controlled by (i) manipulating the 
processing parameters such as atomisation gas pressure, melt flow rate, deposition 
distance, melt superheat and flight distance and, (ii) secondary hot working processes 
such as hot extrusion, rolling, forging or hot isostatic pressing. 
In the present study convergent nozzle is employed for the spray atornisation as 
it gives low velocity (less than sonic velocity) atomisation. Two types of convergent 
nozzles that are studied are i) convergent nozzle without any parallel portion attached 
to it (nozzle-A) and ii) 2 mm long parallel portion attached at the end of the convergent 
zozzle (nozzle-C). Initially, the experiments were carried out using nozzle-A but they 
'ailed. Therefore, nozzle-C was employed in order to obtain a successful spray, since 
sarallel portion affects the discharge coefficient and the gas flow behaviow. The 
2xperiment was carried out using nozzle-C with 1 mm protrusion length of the melt 
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delivery tube at 450 OC spray chamber furnace temperature and 1.0 MPa atomisation 
gas pressure. However, the melt solidified in the tube and gas bubbles were also 
observed to be coming out of the melt pool in the crucible. The protrusion length was 
then increased from 1 to 2 nun. However, still, the melt got solidified before 
atomisation. Then, the spray chamber furnace temperature was increased from 450 OC 
to 500 OC and 600 OC. However, the problem of melt solidification in the melt delivery 
tube could still not be avoided. Further increase in the spray chamber furnace 
temperature to 700 OC and 900 OC prevented the melt solidification problem in the tube 
and spray was obtained, but erosion of the nozzle tip took place. The protrusion length 
was increased from 2 mm to 3 mrn in order to prevent the erosion problem. Though the 
magnitude of erosion was reduced, the erosion problem still persisted. 
The attention was then focused on the pressure formation at the melt delivery 
tube exit and the pressure measurements were carried out at the exit of nozzle-C. At 
0.7 MPa atomisation gas pressure and 2 mm protrusion length, negative gauge pressure 
was observed. Therefore, the experiment was carried out at 0.7 MPa atomisation gas 
pressure, 2 mm protrusion length and 450 OC spray chamber furnace temperature, and 
good spray without nozzle erosion was successfully obtained. The pressure 
measurements were then carried out at the exit of nozzle-A as well. For nozzle-A, 3 mm 
protrusion length created high negative gauge pressure at the nozzle exit. Therefore, 
spray forming using nozzle-A was first carried out with 3 mm protrusion length and 
the spray chamber furnace temperature was maintained at 450 "C. However, the melt 
got solidified before atomisation although negative gauge pressure was formed at the 
exit of the melt delivery tube. The reason for this is that the cold atomising gas exiting 
the nozzle directly hits the melt delivery tube when protrusion length is large. The 
experiments with 2 mrn protrusion length were also not successful, as the gauge 
pressure formed at the tube exit was found to be positive and melt solidification at the 
tube tip took place before atomisation. Successful spray was, however, obtained with 
1 mm protrusion length, which showed negative gauge pressure at the exit of the melt 
delivery tube. In fact, for 1 mm protrusion length, negative pressure is observed for all 
the three atomisation gas pressures employed; i.e., 0.7, 1.0 and 1.6 MPa and the 
successful spray were indeed obtained for all the three atomisation gas pressures with 
1 mm protrusion length using nozzle-A. 
Spray deposition was carried out with optimised processing parameters and the 
spray deposits successfully obtained were further characterised. The macro analysis of 
the deposits suggests that during atomisation, if the overall liquid amount is higher 
than the optimum amount in the atomised droplets, it would produce surface cracks 
and large amount of porosity in the deposit. An increase in atomisation gas pressure 
increased the melt flow rate and yield. This is attributed to the increase in drag force on 
the atomised droplets. The powder size distribution and microstructure of the 
overspray powder was studied. The powder size showed a wide range of distribution, 
10 to 500 pm, and the amount of fine powder increased with increasing atomisation gas 
pressure. The surface of the powder showed dendritic microstructure with and without 
secondary arms due to the differences in cooling rates. The microstructure inside the 
powder showed heterogeneous nucleation and growth of dendritic structure. 
The porosity distribution analysed by ultrasonic C-scan was corroborated by the 
density measurements using Archimedes principle. The material sprayed by using 
nozzle-A at 1.0 MPa atomisation gas pressure showed more porosity in the top region 
as compared to the bottom region, whereas at 1.6 MPa atomisation gas pressure, the top 
region showed less porosity than the bottom region. From the scanning electron 
micrographs it was observed that the spray deposit produced by 0.7 and 1.0 MPa 
atomisation gas pressure resulted in porosity due to solidification shrinkage, while 
1.6 MPa atomisation gas pressure gave rise to both solidification shrinkage and 
interstitial porosity with pores distributed around the grains. Equi-axed grains in the 
range of 20 to 40 pm were observed on the polished and etched surface of the sample 
taken from the deposit. The grain size varied from bottom (adjacent to the substrate) to 
the top of the deposit due to the changes in cooling rate. The bottom and the top had 
fine grains as compared to the centre portion of the deposit. The material sprayed by 
nozzle-C with 450 mm flight distance showed less porosity as compared with 550 and 
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350 mm flight distances and the yield increased with decrease in the flight distance. 
Deposits produced at 1.0 and 1.6 MPa atomisation gas pressure using nozzle-A were 
hot extruded at 380 "C. The tensile specimens taken from the extruded rod exhibited 
high strength and ductility due to the refinement of grain size and secondary phase 
particles resulting from high cooling rate. 
In general, spray forming experiments are carried out in vacuum chamber in 
order to avoid oxidation. However, in that case the probability of overspray atomised 
droplets re-entering the preform and thereby degrading its properties is high. In the 
present study, all the experiments are carried out in an open atmosphere condition. 
However, the oxygen content as analysed by Electron Probe Micro Analyser (EPMA) 
showed no difference in the as-received material and spray deposits. Other elements 
such as zinc, magnesium, copper and chromium were also uniformly distributed 
without segregation. The chemical analysis showed that the amount of elements in the 
as-received material and the spray deposit was almost the same. Therefore, under 
optimized experimental conditions oxidation problem could be avoided in spray 
atomization of 7075 aluminium alloy even in open atmosphere condition. 
In order to understand the effect of various processing parameters simulation of 
gas flow inside and outside the nozzle was carried out. Using the measured stagnation 
and static gas pressures as input gas parameters, velocity, pressure, density, 
temperature and turbulent kinetic energy distribution were obtained using ~luent' 6.0 
computational fluid dynamic software. The analysis was carried out for various 
configurations of the nozzle tip without changing the gas outlet area. The results 
suggest that introducing a parallel portion at the exit of the convergent nozzle does not 
have much effect on velocity, density and temperature, while the turbulent kinetic 
energy is reduced significantly. Due to a high pressure zone below and a low pressure 
zone at the side of the melt delivery tube the melt stream is deflected sideways at the 
nozzle exit and gets atomised at the outer edge of the tube. As the atomisation gas 
pressure is increased, the velocity of the gas flowing from inner edge to outer edge a+ 
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